Abstract-This study investigated the distribution of mangrove vegetation in the wetland area of Indragiri Hilir, Indonesia; and calculated the potential of the mangrove biomass through satellite image interpretation data, using Geographic Information System (GIS), combined with the field survey investigation (ground truth). It was identified that the mangrove area within this wetland was 118.747 ha with the biomass potential was approximately 41,648,651 ton. The majority of vegetation wereBakau (Rhizophoraapiculata) 38%, Nyirih (Xylocarpusgranatum) 19%, and Tumu (Bruguierasexangula) 13%. The degradation of the mangrove area was approximately at the rate of 5,000 ha/year (2010-2013). Hence, there is a need to conserve mangrove vegetation as natural defenses/green belts in order to protect coastal area and to adapt to the climate change.
I. INTRODUCTION
The Geospatial Information Agency, Indonesia calculated that the mangrove forest area in Indonesia occupied3.2 million hectares (ha). This figure represented 19% of the entire mangrove ecosystem all over the world (data 2005) [1] . In the year 2013-2015,an extensive of land use changes in Indonesia has converted the mangrove forest areas to become palm oil plantation area, agriculture and costal development as well as public housings. This land conversion process has reduced the existing mangrove living in wetland areas significantly. However, Indonesia has been and is still considered as the largest mangrove ecosystem in the world [1] - [3] .
The wetland areas in Indragiri Hilir are unique ecosystems covered by various types of mangrove vegetation. Indragiri Hilir is located at the Southern part of Riau Province, Indonesia at the position of 0 o 36', North latitude, 1 o 07', South latitude, 104 o 10' East Longitude, and 102 o 32' East Longitude. Indragiri Hilir covered of 11,605 km 2 area, ( Fig. 1 and 2 ). The objectives of this study were to; identify the distribution of mangrove forest vegetation; and calculate the potential of mangrove biomass in Indragiri Hilir, Indonesia.
II. CHARACTERISTICS OF MANGROVE FOREST ECOSYSTEMS
Commonly, the mangrove forests were easily found around the wetland and coastal areas of Indonesia especially in Sumatra, Kalimantan and Java Island [2] .
The diversity of the mangrove species growing on this wetland ecosystem is influenced by various factors, including soil conditions, the rate of tides, salinity, levels of inundation, the deposition rates, erosion and water quality [4] , [5] . The mangrove vegetation plays crucial roles in protecting wetland and coastal areas from abration. This vegetation also contains high carbon stocks which are considered to be a priority in climate change adaptation schemes, and mitigation strategies [6] , [7] . Hence, preventing carbon emissions resulting from the destruction of mangrove ecosystems become crucial action plan [5] , [8] , [9] .
A. Methodology for Mapping
This study analyzed data obtained from Land sat TM satellite image + 7 using the vegetation index (NDVI) data.
The images processing of geological conditions, and soils classification are presented in Fig. 1 . The images processing for land cover was presented in Fig. 2 . The reflection of each object on the satellite images has certain characteristics for each spectral waveform so that each object can be recognized for its differences.
The images obtained from the Land sat TM for Indragiri Hilir district contained two separate scenes. These both scenes need to be combined to yield a complete image of the research location. The images error due to an atmosphere disturbances and distortions need to be eliminated for validating the images with the real situation in the field. This process consists of radiometric corrections and geometric corrections.
The histogram adjustment techniques were used to make satellite image corrections. These were used to eliminate the image distortions caused by the curvature of the earth, differences, and sensor elevation.
These geometric corrections were used some ground control points (GCP) based on the image reference data (year 2000). Each image coordinate was then transformed to a composite image with an acceptable rate of error (root mean error / RMS) of 0.01-0.99.
After obtaining the composite images, there was necessary to perform a supervised classification process with a maximum likelihood classification (MLC).
The results of this supervised classification process is a final image of Geographic Information System (GIS). This image was then verified with the ground truth (demplot) data. The final image (obtained from GIS and verified with the ground truth) would determine various land cover classes such as water body, forests, agriculture lands, and settlements.
B. Measurement of the Mangrove Vegetation Biomass
This study used a non -destructive technique for ground truth, in order to estimate the mangrove biomass per one hectare of area (Fig. 3) . The results were then calculated using allometrict equation. Allometrict equation is made by finding the best correlation between the dimensions of the tree with its biomass [3] , [5] , [6] , [10] . The result was then multiplied by a factor of0.5.
The model estimators for the mangrove tree biomass in Indonesia have been developed by several researchers [3] , [4] , [8] . For example the types of mangrove vegetation biomass (including Rhizophora spp., Bruguiera spp., and Avicennia spp) had been estimates by Kusmana, 1993 [8] .
Tree biomasses: An initial demplot sampling point was determined based on the distribution of the mangrove vegetation in Indragiri Hilir. It was obtained from the interpretation of Land sat satellite images. Then this image was cross-checked in the field (ground truth). The mangrove data species compositions and structures obtained from the site investigation (ground truth) are analyzed by the following formula [4] , [9] - [12] : 
Important IndexValue (INP) = KR + FR + DR
IV. COLLECTING SAMPLES In order to obtain mangrove samples in the ground truth, there are 4 mangrove vegetation parts were collected including mangrove trees, trunks, branches and roots. These samples were cut into several segments. Each single segment for example mangrove tree was then made into 6 cm thick of slabs (logs), as shown in Fig. 3 .
Each slab of the samples was then finally cut as many as six pieces of 2 cm × 2 cm × 2 cm, as shown in Fig. 4 . The dry biomass (dry weight) of the mangrove vegetation was calculated using the following equation:
where: % KA: Water content. BK: Dry weight (kg) BKc: Sample of dry weight (gram) BB: Wet weight (kg) BBc: Sample of wet weight (gram). The total biomass of each mangrove vegetation was obtained from the calculation of the total trees+branches+ twigs+ leafs biomass [12] .
V. THE COMPOSITION OF THE MANGROVE SPECIES
The composition of the mangrove species in Indragiri Hilir was obtained from the identification of the overall species encountered in sample plots presented in the sub-district area (kecamatan) based on the filed survey (ground truth). The plot samples were made as many as 225 demplots (Table I) . These demplot areas are located in Mandah district (kecamatan), Tanah Merah and Kuala Indragiri. Each demplot was divided into several transection areas (Fig. 5) . Table I . This species then classified into eight groups as there were only small number (insignificant number) of Lankopit (Sonerata caeolaris) and Pedada (S. Alba and S. caseolaris) species found in the field area. Thus, these 2 species were not calculated in this paper.
VI. ESTIMATION OF MANGROVE TREES BIOMASS IN INDRAGIRI HILIR
The total mangrove biomass per vegetation was presented in Fig. 6 . The calculation of the mangrove tree biomass (t/ha) from 225 demplots area (10 m × 10 m) was determined based on a multiplication of the mangrove density with an average of the mangrove biomass (individual/ha) ( Table II) .
The dry weight of mangrove biomass can be obtained from the calculation of the wet vegetation biomass (757.75 ton/ha) minus its moisture contents.
Then it was identified that, the average of its dry weight (biomass) was 377.50 ton/ha (Table III) . This biomass is The frequency value (F), relative frequency (FR), density (K), relative density (KR),and species dominance (D) of the mangrove vegetation (living on the entire plot surveyed areas) were used to identify the distribution of the mangrove vegetation in Indragiri Hilir.
The Nyirihtrees (Xylocarpusgranatum) had covered 51,103 ha, Bakau (Rhizophoraapiculata) covered 31,745 ha and Tumu (Bruguiera sexangula) was 18,636 ha. These three types of vegetation were identified as the largest mangrove species populations living in Indragiri Hilir (Table IV) .
Based on the previous research study in Indragiri Hilir there was identified 2 Rhizophora vegetation types, such as mangroves (Rhizophora apiculata) and Daek (Rhizophora mucronata) with consist of 4 species [4] . The research study reported by Mimi Suarti, 2011 identified the mangrove forest areas in Indragiri Hulirwas 133.972 ha in 2010 [14] .
Based on this study it was identified that the total mangrove area in Indragiri Hilirin 2013 was estimated to remain 118.747 hectares (Table IV) .
The reduction of this mangrove forest area in2010 to 2013 was about 15 thousand hectares (133.972 ha-118.747 ha).This was due to a contious deforestation process. The deforestation rate was estimated at 5 thousand hectares per year. Fig. 7 describes the potential area (ha) of various mangrove species per districts (kecamatan) in Indragiri Hilir at the tree level. relatively higher than the average of Acacia mangium biomass ages about 7 years (135 ton/ha) [13] .
of Kuala Indragiri, Mandah, and Tanah Merah were considered as the most mangrove potential area encompassing Kuala Indragiri 32,244 ha, Mandah 31,380 ha, and Tanah Merah 17,254 ha. There were identified that the Bakau (Rhizoporaapiculata, Nyirih (X. granatum) and Rh. Mucronata), and Tumu (Bruguiera sexangula) were considered as the largest mangrove vegetation biomass potential with the following order; 15,948,538 ton (38%), 7,857,056 ton (19%), and 5,568,890 (13%) respectively (Table V) .
This massive mangrove area in Indragiri Hilir was in need to be conserved in order to sustain the world mangrove ecosystems.
VIII. CONCLUSION
This paper identified that the total mangrove vegetation potential area in wetland of Indragiri Hilir. Indonesia was approximately 118.747 ha. The mangrove vegetation biomass potential was estimated to 41,648,651 ton. Three main mangrove vegetation locations were identified as the following order Kuala Indragiri, Mandah, and Tanah Merah. These three locations are suggested to be conserved in order to mitigate the global climate change, and to protect wetland areas as well as coastal line within Indragiri Hilir, Indonesia.
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